The definition of the g-index is as arbitrary as that of the h-index, because the threshold number g 2 of citations to the g most cited papers can be modified by a prefactor at one's discretion, thus taking into account more or less of the highly cited publications within a dataset. In a case study I investigate the citation records of 26 physicists and show that the prefactor influences the ranking in terms of the generalized g-index less than for the generalized h-index. I propose specifically a prefactor of 2 for the gindex, because then the resulting values are of the same order of magnitude as for the common h-index. In this way one can avoid the disadvantage of the original g-index, namely that the values are usually substantially larger than for the h-index and thus the precision problem is substantially larger; while the advantages of the g-index over the h-index are kept. Like for the generalized h-index, also for the generalized g-index different prefactors might be more useful for investigations which concentrate only on top scientists with high citation frequencies or on junior researchers with small numbers of citations.
Introduction
On first sight, the h-index, defined as the largest number h of publications which have received at least h citation each, does not depend explicitly on any parameter. However, one can easily introduce a prefactor and require that the h publications have received at least q*h citations each. This arbitrariness was already noted by Lautrup (2006, 2008) as well as Ellison (2010) . Van Eck and Waltman (2008) utilized the prefactor to define a generalized index. I have recently analyzed the citation records of 26 physicists and showed that the prefactor can substantially influence the ranking (Schreiber, 2013) .
A disadvantage of the h-index is that further citations to the publications in the h-core, i.e., the h-defining set of publications, do not have any effect. To overcome this disadvantage, Egghe (2006) proposed the gindex as the largest number g of papers which have received at least g 2 citations together, or equivalently at least g citations on average (Schreiber, 2010) . Again this definition does not explicitly involve any parameter, but like the h-index, it is arbitrary in so far as one can also utilize a prefactor and demand that the g papers should have received at least q*g 2 citations together or q*g citations on average. This generalization has also been proposed already by van Eck and Waltman (2008) in a slightly different way allowing for non-integer index values.
In the present paper I present a case study of the arbitrariness by investigating the generalized g-index for the citation records of 26 physicists in analogy to my previous investigation of the generalized h-index (Schreiber, 2013) . Like for the h-index, the prefactor q influences the ranking in terms of the generalized g-index, but the effect is not so strong, because the averaging in the definition of the g-index smoothes the citation distribution curves. Consequently, a prefactor q = 2 leads only to very small changes in the ranking. On the other hand, for this value of q the sizes of the 26 g-cores are of the same order as those of the h-cores and thus much smaller than the cores for the original g-index. Consequently the precision problem, namely to verify that all papers in the core have indeed been published by the investigated author and that no highly cited publications are missed, is substantially reduced. This means that a major disadvantage of the g-index in comparison with the determination of the h-index can be avoided without losing the advantages of the g-index.
The paper is organized as follows: In the next section the definition of the generalized g-index is given and visualized; changes in the ranking for the 26 datasets are shown and discussed. In the following section the results for the prefactor q = 2 are compared with the usual h-index and the A-index. In a final section further discussions and concluding remarks are given.
The arbitrariness of the g-index
The citation records of 26 physicists from my home Institute of Physics at Chemnitz University of Technology have been obtained from the Web of Science in January and February 2007 (Schreiber, 2007) and used for an investigation of the g-index (Schreiber, 2008) . All data were thoroughly checked with regard to homonyms in order to confirm the integrity of the raw data.
The determination of the g-index can be visualized by depicting the averaged citation distributions as in Fig. 1 , where the average number of citations
is plotted versus the rank r which each paper gets by sorting according to the number of citations ̅ (r). The intersection of these histograms with the diagonal ̅ (r) = r yields the g-indices, i.e. ̅ (g) = g. Due to the discreteness of the citation distribution, this condition is not always fulfilled and in order to be precise, one has to determine the largest value of g which satisfies
This condition implies that ̅ (g+1) < g+1.
It is equivalent to the original definition by Egghe (2006) in terms of the sum of citations
namely that g is the largest rank for which .
According to Eq. (2) the g-index gives approximately the average number of citations in the g-core.
Similarly, the A-index gives the average number of citations in the h-core
I have already previously discussed the g-index for the present datasets in comparison with h and A (Schreiber, 2008 Rousseau (2006) and utilized in my previous comparison (Schreiber, 2008) . It is visualized in Fig. 1 for two datasets, but shall not be further analyzed in the following. The usual integer results are obtained by truncating the interpolated index values, which means taking the floor function .
The slope of the above utilized diagonal in Fig. 1 is given by q = tan(α) where α = 45° is the angle between the diagonal and the horizontal axis, so that q = 1. Thus choosing a different angle α and in that way a different slope q = tan(α) just means an arbitrary prefactor in the definition of the generalized g α -index, ̅ (g α ) = tan(α) g α = qg α . Again, to be precise one has to search for the largest value of g α which satisfies
what implies ̅ (g α +1) < q(g α +1).
In the following I visualize the influence of the proportionality factor q or, equivalently, of the angle α on The dependence of the indices g α on q is shown in Fig. 2 . Here the datasets have been sorted using the original g-index so that the middle line for α=45°, i.e. q=1 is monotonously increasing in the plot. The angle α has been increased and decreased in steps of 5°. Corresponding values for q are denoted in Table   1 . This table includes also the accumulated number n(g α ) of papers that belong to all the g-cores for a given α, i.e., how many papers contribute to the 26 g α -indices; this is equivalent to summing the g α values for each α.
In Fig. 2 already for α = 50° small fluctuations can be detected which interrupt the monotony. For larger values of α and q the deviations increase and appear for different datasets, so that the ranking is changed more frequently. But in comparison with the respective erratic changes of h α which were presented in my previous investigation (Schreiber, 2013 ) the fluctuations of g α are relatively small. This is not surprising, because the averaging of the citation frequencies leads to rather smooth distribution functions of ̅ (r) in comparison with c(r). These smoother functions appear in Fig. 1 already, showing smaller steps than the corresponding original citation distributions.
The deviations are stronger for smaller values of q and α decreasing towards 0, where the lowly cited publications in the long tail of the citation distributions become relevant, too. But also in this range due to the averaging the fluctuations are relatively small compared to the respective behavior of the h α -index.
The changes in the ranking are visualized in Fig. 3 . Some ranks fluctuate strongly for large α. Note that in this range only few papers contribute and thus the smoothing effect due to the averaging is small, because not so many citation frequencies are averaged. Otherwise the changes are small and usually monotonous.
At the top of the ranking nothing is altered, and at the bottom small changes lead to tied ranks and sometimes to interchanged ranks. A noteworthy exception is the dataset G which rises from rank 12 for g 5° to 9 before dropping to 13.5 and ending again at rank 12 for g 85°. The strongest drop occurs for scientist N from 11 to 18.5, the largest improvement for researcher X from 23 to 11 monotonously except for one instance. Similarly scientist P advances from rank 13.5 for g 5° to rank 5 for g 85° also monotonously except for one instance. On the other hand researcher H remains at ranks 7, 7.5, or 8 for α = 5° up to α = 80° and only then drops fast to rank 12.0.
In order to quantify these changes, Pearson's correlation coefficients κ and Spearman's rank-order correlation coefficients κ s between the original g-index and the g α -values are presented in In conclusion, exploiting the arbitrariness of the g-index leads to small changes in the ranking. In order to test whether the large correlation coefficients might be caused by the relatively stable ranks of the top and bottom datasets, I have repeated the analysis excluding the top 3 and bottom 3 datasets. The calculated correlation coefficients for this subset are smaller, see Table 1 , but still above 0.94 except for α = 5° and α = 85°.
Selecting one of the generalized g-indices
The total number of papers in all the g-cores for α = 45° is n(g 45°) = 623, see Table 1 . This is much larger than the accumulated number of papers in the h-cores which comprise 387 papers. As a consequence the determination of the original g-index is much more involved than the calculation of the h-index, because many more publications have to be checked with respect to the question whether they have really been published by the investigated author. In my view, this enlarged precision problem is the major disadvantage of the g-index. Choosing a prefactor q > 1 of course reduces the size of the cores. In particular, for α = 65° one finds n(g 65°) = 380 so that it is tempting to use this value of α and replace the original g-index by g 65°.
However, α = 65° corresponds to a proportionality factor q = 2.14 which is somewhat awkward.
Therefore, I propose to utilize the prefactor q = 2, corresponding to α = 63.4°, see Fig. 1 . The total number of papers in the g-cores then amounts to n(g 63.4°) = 395. In order to simplify the notation in the following I shall utilize q instead of α as the characterizing subscript for the generalized g-index, so that g 63.4° ≡ g 2 .
The resulting values are presented in Table 2 The comparison between h and g 2 shows larger differences. The ratio between g 2 and h ranges from 0.69 (Q) to 1.50 (X), on average it is 1.02±0.18. In correspondence with the relatively large standard deviation, the rankings differ substantially, e.g. for P and Q the same value h = 13 puts them at rank 16, but the different results of g 2 = 16 and 9 correspond to ranks 8.5 and 22.5, respectively. This reflects the strongly different citation distributions: the g α -index awards non-homogeneous citation impact of the highly-cited publications.
This is of course also true for the A-index. In fact, the effect is even stronger, as can be seen from Table 2, where the g 2 -values are between h and A in most cases. The exceptions can be traced back to the discreteness of the h-and the g 2 -index and would not appear, if the continuous versions were used. This can be seen from the definitions, because h < 2 implies ̅ ̅ 2 and therefore A/2 > 2 > h. In this way the A-index counterbalances the disadvantage of the h-index, namely that the more-than-h citations to the publications in the h-core are not taken into account. So in principle, one does not need the g 2 -index. However, utilizing the A-index means that one has first to determine the h-index and thus one ends up with two characteristic values for each researcher. The question then is, whether this is helpful. In my view, the g-index or rather the g 2 -index is sufficient.
The relatively small differences between the indices can be quantified: Pearson's correlation coefficients κ and Spearman's rank-order correlation coefficients κ s which are given in Table 3 , are all very close to 1.
The very large values for the comparison of g and g 2 are not surprising in view of the large values in Table 1 . But also the comparison with h and A yields values larger than 0.95 for the Pearson and larger than 0.91 for the Spearman analysis. Only the correlation between h and A is not quite so strong. But I do not think, that this justifies the need for both indices. In any case, all these indices are quite noisy indicators if one wants to employ them for measuring the scientific impact of the publication record of a researcher. Due to this intrinsic uncertainty the small differences should not be utilized to value one researcher better or worse than the other.
This leads to the question, which of the discussed indices should be discarded. As already mentioned, A cannot be kept alone, because it depends on h. Because of its simplicity, one might want to favor h instead of g and g 2 . However, it appears somewhat unfair that more than h citations to the papers in the h-core do not have an effect. Therefore, from this point of view h should be discarded. Due to the apparently unnecessarily large g-cores, g should be discarded in favor of g 63.4° from a practical point of view.
Whether the proportionality factor q = 2 is the best choice remains an open question. I have previously argued for the generalized h-index (Schreiber, 2013) that very large values of q should not be used, because then too few highly cited papers are taken into account. On the other hand very small values of q emphasize the long tail of lowly cited publications and are therefore also not suitable. Ravallion and Wagstaff (2011) have critizised the missing theoretical foundation of the h-index as well as the g-index. They propose to determine the scientific impact or the scholarly influence by defining an influence function which is then evaluated for the complete citation profile yielding the qi-index.
Obviously this aggravates the precision problem, because all publications of a scientist are taken into account. While Ravallion et al. (2011) agree that additional citations should always increase the influence functions, they question the g-index, because it gives the same weight to all additional citations to publications in the g-core and no weight to the lowly-cited papers. Rather they favor diminishing marginal influence so that the first citation to a given publication has the highest impact, while a further citation to an already highly-cited paper is considered less significant and is attributed a smaller influence; which is even vanishing if the most cited paper is concerned. This is a plausible concept and shows that it is quite subjective, whether one prefers one or another variant of the bibliometric measures. However, due to practical considerations it is rather unlikely that the much more involved determination of the qi-index will be performed in large evaluations, in spite of the sound mathematical foundation on which it is based.
Conclusion
One cannot define the same best value of q for all evaluations. It is convenient to use the standard q = 1.
But I have already suggested (Schreiber, 2013 ) that values of q > 1 might be more practical for top scientists with a much more skewed citation record. In particular, for the generalized h-index I have proposed to utilize a proportionality factor of q = 3 for comparing eminent scientists, because such a relatively large q value would reasonably reduce the size of their h-cores which is unnecessarily large for the original definition with q = 1. For the generalized g α -index this would correspond to a prefactor of q = 5.4 if the objective is again to get about the same accumulated core sizes. For a group of more average scientists like in the present study, in comparison with the original h-index the above discussed prefactor q = 2 for the generalized g-index appears to be reasonable. For an evaluation of a group of junior scientists I have proposed to use a value of 1/3 as proportionality factor of the generalized h-index in order to achieve a better distinguishability by increasing the size of the h-cores. Judging from the accumulated number of papers in the 26 cores this would correspond to q = 0.9 in the case of the generalized index g α .
In conclusion, now I recommend to use the generalized index g α instead of the h-index, the A-index, and also instead of the original g-index. For top scientists with high citation numbers I suggest to utilize the prefactor q = 5, for more average scientists q = 2, and for junior people q = 1. between the original g-index and the g α -values for the data shown in Figs. 2 and 3 ; the correlation coefficients after excluding the top 3 and the bottom 3 datasets from the sample are also given; all correlation coefficients are significant at the 0.001 level as determined by the t distribution. q is the slope of the g α -determining line (compare Fig. 1 Values of the h-index, the g-index, the A-index, and the g α -index for the 26 datasets, where a prefactor q = 2 corresponding to α = 63.4° is utilized (g 63.4° ≡ g 2 ); the datasets are sorted using the g α -index; the rank order for the indices is given by O(index). For tied papers the average rank is calculated. 11.43 (bottom) . Note that the sequence of the datasets as denoted on the horizontal axis deviates from the alphabetic order, because the datasets have been sorted according to the original g-index while the alphabetic labels are the same as in my previous investigations (Schreiber, 2008 (Schreiber, , 2013 , i.e. according to the original h-index. 
